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ABSTRACT
A MORPHOLOGICAL ANALYSIS OF URBAN STRUCTURE
MING-HUNG WANG Submitted to the Department of Architecture
on June 1979 in partial fulfillment of the
requirements for the degree of M.Arch.A.S.
The fact that cities look similar to each other raises the ques-
tion as to whether or not there exists some underlying rule system.
This thesis is a preliminary response to this question. We have noticed
that cities are not totally built by chance; there does exist rules if
we can find a characteristic recurrent patterns exhibited in real world.
Our basic hypothesis is this: the diversities of urban environments can
be understood as resulting from abiding by a rule system which governs
the hikorphological relations among the physical elements in each context.
To seriously test this hypothesis, we should propose such a rule system
in the first place.
Two types of analyses are adopted here. The first analysis is an
empirical study of physical urban structure based on the notions of levels
from SAR point of view,which are the methodological foundations of our
observations. This analysis encompasses two major tasks, first, we
developed an explicit process by which the structural elements of urban
environment can be identified. The ideas of "transformation" are the
central means of discerning the levels. It was found that arterial and
local rail transit are two structural elements at city level. The second
task is to specify the relations between structural elements and the non-
structural elements. A few macro-rules have been found by our first
examination. By taking a closer look, we classified different urban
patterns into several characteristic urban sectors in terms of the com-
binations of four linear elements: artery, freeway, railroad and water.
Nevertheless, we also realized that these urban sectors can be described
in more elementary terms. Hence, a number of basic rules concerning the
interplay of the structural elements and its infills are formulated.
The second analysis is a description of the "structural diagrams"
of the cities under observations by employing graphic modeling techniques.
We found that different urban pictures can be generated by same set of
production rules. Finally, on the basis of the findings of this thesis,
two trends of model building are previewed. One is to build a design
model along the lines of SAR methods, the other is an attempt to predict
the transformation of physical form by incorporating social factors.
Thesis Supervisor: Michael Gerzso
Title: Assistant Professor
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1CHAPTER I INTRODUCTION
1.1. Background
This thesis is about the analyses of urban morphology based
on empirical observations. The ultimate goal is attempting to deve-
1
lop a model of urban structure from the point of, view of SAR . The
levels of our physical environment have been built up by SAR methods
from the unit spaces to urban tissues. It is a natural tendency to
look for a level higher than the urban tissue level, which we call
the urban structure.
ur " ~t~t 
-town/es&Y
yieigborhood
In physical terms,an urban structure is a kind of framework
structured in such a way that it could accommodate various number of
tissues without changing its basic characteristics. The urban struc-
ture of our concerns is a conceptual model which consists of a set
of rules governing the locational relations among these frameworks
and the urban tissues as the infill elements. Framework and infill
are two basic concepts which constitute a particular way of looking
at things adopted by SAR researchers. It is based on this particular
worldview of SAR discipline that the methods of this study were deve-
loped (detailed discussions see Appendix I). The concept of structure
is abstract, however, when we use this term to represent the physical
framework in certain context, we shall call it physical structure or
"structure" (with quotation marks). Also noted that "inf ill" is a
2general term that should not be confused those infills which appear
in supports.
Five cities--Cambridge,Lowell,Lawrence,Lynn and Springfield-
are selected for this study under the following considerations:
a. They are small cities in size,yet complex enough to be
deemed as prototype of large cities.
b. They are well-developed cities in a sense that they are
possibly well-adapted by the residents through several
generations, and thus are unlikely to be pathological
cases.
c. They are not new towns whose spatial structures are resul-
ting from the development of the "ideas" preoccupied in
the mind of a small group of designers. The reles we in-
terested are much more "natural" or "vernacular" than
those "creative" ideas.
1.2. Objectives
At present, our position attempts to develop SAR models at a
level higher than urban tissues. The study can only be appropriately
viewed as a partial effort in preparing for more elaborate future re-
search in models of urban structure. Thus, our first objective is to
achieve the following tasks:
a. To identify the elements of the system under analysis
b. To specify the relations between the elements of the
system.
c. To point out the future possibilities of model building
and the efforts needed for the next stage of studies.
3The second objective of this thesis is to show an analysis
of urban morphology based on empirical observations. It can be broken
down into two parts. The first one is primarily the observations of
the cities which identifies the elements and their relations. The
second analysis attempts to describe the form of the city's physical
structure resulting from the first analysis by using a graphic modeling
technique. Although these two parts are different in orientation, they
are nevertheless complementary in the scope of continuing research.
As an illustration of studying urban morphology, we see that the thesis
needs an explicit reasoning process, a clear set of criteria, and step-
by-step operations so that anybody can follow and criticize the work.
Independently of any of the possible pragmatical uses, the
morphological accounts of urban phenomena is itself an interesting
subject matter for understanding some of the physical properties of
2
cities. Functionally, like tissue model proposed in SAR 73 , the
final model could be formulated in such a way that it could be used
as a design tool, a communication tool, or a constituent part of a
larger scope model with aspatial factors included. It also plays a
role of opening many other possible applications for which we are
yet unaware.
1.3. Hypothesis
Cities are not built by chance, certain rules exist which are
related to time, space and people.
4Even the man on the street observes that cities are different
from one another. The buildings and building groupings are different;
the overall layout is different;the geological conditions,physiogra-
phic features,ecological characters and climate are different too.
The images of the cities are,of course,seldom same,even people live
in cities look different from one another.
The emphasis on surface dissimilarities entails interest in
looking for generality.3 On the other hand, we also notice that cities
are far from random. There are some regularities shares by many cities.
Houses are arranged in row,there are sidewalks as boarder zone of
houses and streets;streets usually connect the small alleys to the
larger arteries;certain larger streets are lined up by shopping stor-
es;there are many factories can be found along the track of railroad;
also,certain larger buildings usually occur nearby the interchanges
of freeways;in some places ,there are a cluster of densely built hi-
ghrise blocks with one large common close to them;if there is a ri-
ver,there is a bridge;at riverfront you can always find a strip of
green spaces varying in width;next to the green strip,there is a
gray strip where cars run ;trees are planted on the side-
walks,street lamps alternatively lie in between;there are shops sit-
ting on the corners of the blocks,where mailboxes stand in front;
schools and play estates are mixed into the fabric of the residential
tissues;where suburban railway station located,there is commuter
parking lots,...
Presumably,we know that certain rules are exist as far as
we recognize certain themes. Before we start proposing a hypothetical
set of rules,we should ask first,what kinds of rules are we looking
for? Urban phenomena can be studied through many different ways for
various purposes in mind. We could observe it specifically focusing
on its economic activities,sociological behaviors,political dynamics
5or whatever. But,we don't have to,nor could we,study everything about
it at one time. The aspects we would like to investigate in this -
thesis is the morphological characteristics of the physical environ-
ment.
Therefore,in response to the interests in searching for under-
lying generalities,our basic hypothesis of this study is
:the diversity of our physical environment can be elucidated as
the result of applying a rule system which is constituted by a fini-
te number of elements and the relations holding among those elements
in various contexts,
level, Contct
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This hypothesis implicitly gives a simple answer to the complex
question of why cities look different from one another, But, at the same
time,we notice that cities are not built arbitrarily. We presuppose
that it is not due to that the cities are built according to diffe-
rent rules,but because that same set of rules have been applied in
differentcontexts resulting in different consequences.En other words,
the variations of "given context" determine primarily the variations
of city form. For example, in Physics we know that the behavior of falling
6object in air differs from that in vacuum, this difference fails to
show anything wrong with Newton's law of gravity, the important factor
is the media that the object moves through. How
the rule system performs under differnet situations,we deem,is gover-
ed by another rule system at higher level which encompasses the con-
text and the rules at lower level. It is something like the behavior
of the electron in an atom which is determined by the structure of the
molecule, the environment that the atom is embedded. Analogically,
Acting in different contexts, the rule system of cities varies
according to its higher level rule system which governs corres-
ponding relations between lower level context and the rules. For ex-
ample, the application of the same tissue model in different sites gives
different forms. The way that the model has been adapted to the specific
site is partially determined by a higher level rule system which in-
dicates,in principle,how to fit the elements of the two levels toge-
ther to make a real environment. This is the basic concept on which
this study is based
1.4. Assumptions
Some basic assumptions we considered necessary:
a. We assume that the process of city making can be concie-
ved as the interaction of two parts:an abstract rule system and the
interpretation of the rule system at life size. We fully understand
that,in effect,the two parts are not so clearly separated and distin-
guishable. What we are trying to say is that we assume thara is a
kind of rule system acting as a guideline in the course of city buil-
ding. Sometimes it is made explicit and can be exposed through historical
investigation. Sometimes, it is implicit and can only be guessed at. It
is nonsense to search for a rule system if we do not consider it
exists at the first place.
7b. Since we know very well that none of the cities is the
product of an individual endeavor,but is the consequences of a num-
ber of anonymous efforts through a long period of time of transfor-
mations and adaptations. The rule system is not necessarily
legislative laws or well planed schemes;it could be unspoken rules
of habit or a common symbols of the human self which are deeply rooted
in the collective memories. If there are latent consistancies in
various cities, we assume they are so not by chance, nor because
they are purposefully learned from each other, but because the rule
system is generally applicable within certain cultural context.
c. We consider the rule system as primarily related to
physical things..We assume that people who use the rules are outside
of the rules. Surely,the rules are implemented through human actions.
It is also true that the residents of different cities have different
interpretations of the same rules in response to their local condi-
tions, yet, the different results of the applications of the same rules
are caused by the differences of given context rather than by the dif-
ferences of people.
d. As such,we assume that people live in differnet cities
have no essential differences. The residents of Cambridge will not
behave totally different from those who live in Springfield. Al-
though every person is unique,however,we may expect reasonably that
on the average, the behavior of the individual should be more or less
same everywhere within same cultural context. Thus,we consider the
rule system can be carried out by similar human actions, regardless of
their location.
8e. We assume that time itself has no essential or direct in-
fluences on the formation of physical rule system, although we acknow-
ledge that time does affect, to the significant extent, the social en-
vironment in which those rules are in effect. A city in different
stages of development may employ different means of development: dif-
ferent transportation vehicles, building technologies, incentive tools,
etc. We realize that the rule system will gradully change over time
as civilization progresses, but for a reasonable length of time, we
consider the rule system static. Our urban lives will not radically
change as a result of technological innovations or disasters. We will
basically live as we do today. Our urban transportation system will still
be running on the surface of the earth. Finally, since our study
focus on one particular point of time, we have no intention to predict
the possible future trends for any specific city, however, we can pre-
dict to certain extent in general if we find the rules.
1.5. Scope
We limit the scope of this study proper to assure its length
and focus. First of all, we shall say this is not a historical study.
We are not trying to show the way that cities have evolved, and how
their forms were made. It is undeniable that the historical account
of urban form has its own merits to the understanding of physical rules,
especially related to change. Since our study only focuses on one
particular point of time, we regretfully ignore this source of infor-
mation.
Secondly, we must make clear that this is not a normative
4
study of urban form as Lynch did .We have no intention of assessing
9the qualities of the rules with respect to certain group of people
under certain conditions. We know that this would be inevitable if
we try to use the rules as design tool. So far as this thesis con-
cerns, the study is basically undertaken on "value-free" basis.
Finally, we shall remark that this is not "why" study. Most
of the reasoning which accounts for why rules look as they do is left
intact, even though we understand that the underlying reasons which
relate socio-economical aspects of urban dynamics are essential for
building a rigorous predictive model of physical urban structure. Such
a model requires extensive studies and enormous resources which is
simply too great to expect for a thesis of this type.
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Notes to Chapter One
1. The Stichting Architecten Researcha research group founded on
the initiative of s number of architectural firms together with
the Bond van Nederlandse Architecten,BNA.
2. "SAR 73, The methodical formulation of agreements concerning
the dwelling environment",SAR,Eindhoven.
3. Some people deem it impossible to make any general statements
about city structure at physical level. Jane Jacobs thought
that to search for physical structure of a city is simply on
the wrong track. See "The death and life of great American city",
Vintage Book,N.Y.1961,pp.377-378. This is typically a school of
thought which prefer social order rather than morphological
order of city form. We noticed that to search for generality,
we should not merely manipulate the surface information,but
have to probe into the underlying reasons. However,we are re-
luctant to agree with that there is no rule but chaos in our
physical environment,and the efforts along this track is not
worthy. Although,as first step to be taken,we are unable to
provide some sort of explanatory theory which is deeper than a
system of tangible facts,the reason that we try to describe a
city is simple:we cannot hope to understand "why" cities look
as they are unless we know "what" they are.
4. Lynch,k.,"The Nature of City Form",draft,M.I.T.1978. "Is a
General Normative Theory Possible?",draft,M.I.T. ,1978, "A Cata-
log of Model",draft,M.I.T.,1978.
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CHAPTER II OBSERVATION ONE: IDENTIFYING THE ELEMENTS
2.1. Introduction
Our empirical findings on the physical urban structure will be
given in this and the next chapter. The intentions, limitations,
theoretical background as well as methodological accounts have been
outlined in the first chapter. Some detailed discussions about our
approach will be given in Appendix I. At this part, we consider only
the "what" and "how" about this subject. Thus, it should not be treat-
ed as a final report, but, instead as an illustration of a way of
analysing urban structure. The results are preliminary and subject
to severe tests.
If we view city as a morphological system, there are two major
tasks that we shall deal with. The first is: what are the elements of
the system? Inasmuch as our sole concern at this stage is the physical
structure of a city, the question raised is how to discern the "struc-
tual" elements from those that are not? More specifically, what are
the proper criteria which serve this purpose? In this sense, our first
task is actually attempting to develop a kind of "means" in the light
of some characteristics of the structure we described in the last
chapter, by which physical structural elements can stand out from its
elusive context.
Obviously, the second task is to specify the relations holding
amongst the defined elements. To be clear, we should identify the
12
kind of relations among what kind of elements? and why? It is not
just a matter of making the question more specific, rather, it calls
for clear thinking about our central thesis, otherwise, any results
we may conclude will become futile.
become unfortunately futile.
The basic information we used for this analysis are the most
recent aerial photos (1978), street maps and land use maps of the five
cities: Cambridge, Lynn, Lowell, Lawrence and Springfield. They are
incomplete, but sufficient to serve our purpose. The scales of these
photos are not precise, yet close enough, since our prime interests are
the positions of elements rather than their dimensions.
2.2. An Analytical Process.
The objective of the gathering data on the cities is to discern
the structural elements from the given urban environment. As afore-
mentioned, we need a kind of discriminatory tool to achieve this goal.
The tool we use is an analysis process as follows:
(1) Tissue subtraction. The starting point of the process is
based on SAR's notion of levels. From last chapter, we noticed that an
environment is a result from the coalescence of two adjecent levels:
the upper one acts as the structure and the lower one is its infill.
Now,our given environment is city,the infill elements are urban areas
which can be described by our tissue modelsand the structure is in
question. The central idea for this step analysis is a simple algebraic
logic:
if X + a =b
then X = b - a
13
Since the urban environment under study is known (aerial photos), the
urban tissue can be recognized by applying the models, and then, the
urban structure can logically derived. However, our physical world is
not a pure mathematical system in which the result of the subtraction
is theoretically assured. On the other hand, such a result for an
urban structure is not assured requiring that futher analysis be
carried out.
U"~~ T-%swes
This subtraction process sounds easy,but not feasible if we
are unable to recognize the tissues in the first place. The patterns
of the cities are not totally chaotic if we take closer look. Somehow,
they are well defined by certain physical barriers or by their own cha-
racteristic features,and thus present recognizable tissues. All these
barriers and features facilitate as the factors in delineating tissue
boundaries. They are listed below
1. Man-made barriers:
a. Freeway
b. Railroad
c. Arterial
These are transportation structures,the barriers also
include their right-of-ways where changes in landuses
and different built forms can be found.
2. Natural barriers:
a. Rivers
b. Marshland,ponds
c. Other natural features (urban hillside)
Natural form are the most outstanding physical barriers
in terms of their visual and topographical characters.
3. Semi-natural barriers:
a. Major parks,urban commons
b. Cemeteries
These are semi-natural concentric spaces.In contrast to
their surrounding urbanized areas,they have strong
14
characters and occupied large spaces,thus form recogni-
zable edges.
4. Characteristical built form.
This is probably due to different stages of development that
cause considerable changes in physical formmaterials,set-
backs and design features.Sharp changes in landuses also cast
distinguishable edges between different forms.
All these physical barriers are obviously the residuals of the
subtraction,because none of them will be enclosed in the tissues. Besides
that, there are some other residuals: large buildings, e.g. hospitals,
shopping centers; and some irregular tissues which can not be described
by existing tissue models, e.g. universities, industrial parks.
The most problematic factors is arteries. Sometimes, it is
difficult to distinguish arteries and local streets. Concievably,
artery is an extremely important feature in any urban studies, and
consequently, it deserves rigorous treatment. Thus, three criteria
are used to serve our purpose, they are: width, traffic and continuiety.
Any route which satisfies any two of these three criteria will be con-
sidered as an artery. The width and traffic (not always in consistency)
can check with the street maps of the cities. Continueity is obser-
vable: any route crossing the boundaries and connected any two recog-
nized tissues (at least) is likely to be an artery, if it also satisfies
width or traffic standards.
(2) Defining context. We noticed that the residuals from the
tissue subtraction are not necessarily the structure we are looking for.
As matter of fact, they include all things higher than tissue level,or
15
even higher than city level. We shall consider them as given, that is,
they are the context of the urban system. It's definition has been dis-
cussed in the last chapter. To determine whether a thing belongs to the
context or not, we may pose two questions as criteria1: the first, "can
the system do anything about it?" and second, "is it relevant to the
system?" If the answer to the first question is NO, but to the second
is YES, then, it is considered as given to the system, i.e. it belongs
to the context of the system. In our case, most natural features: rivers,
urban woods,ect.,and interstate freeways,main railroads are taken as
given to the cities. Because their locatios are relevant to the forma-
tion of city structure,but cannot pe determined by city alone.
(3) Thematic and non-thematic elements There It is our under-
standing where there are recurrent patterns, there are likely to be
rules; what is unusual will be treated as incidental. However, the
thematic entities are not by definition to be the structural elements,
and the non-thematic are not by nature to be non-structural elements
too, if they are not obvious incidentals.
(4) Transformational test. Now,we come up with the final analy-
sis in determining structural elements. Structural elements are much
more durable and permanent in comparison to those of non-structural
elements. Therefore, to test their sensitivities in relation to change
will be an important strategy for this analysis. The central idea is
suggested by Prof. Habraken. The best explanation of the idea will be
his own words:2
A transformation of Va(Variant a) is possible that
causes a transformation of Vb,but no transformation
of Vb(Variant b) is possible that causes a transfor-
mation of Va. In this case we say that Va is a vari-
ant of a higher level than Vb."
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" A transformation of Va is possible that causes a
transformation of Vb,whereasalso a transformation
of Vb is possible that causes a transformation of
Va. In this case we say that Va and Vb are variant
on the same level."
" ... A variant on a higher level has structural pro-
perties in relation to variants on a lower level. It
is often said that such a variant is a structure,or
that it has structural properties towards variants
on the lower levels."
Since no transformations are carried out in reality as a
consequence of our research questions, we say that they belong to the
realm of logic. Therefore, some notes are needed to clarify these
principals as we apply them, so that we may avoid confusion.
1. First of all,there are three basic means of transforma-
tion:3 a. growth,by adding on or replacing by new elements;b.decayby
taking away some elements and c. movement,by redistributing same ele-
ments at different places. Of course,there are hundreds of different
ways to change, socially or physically. However, in this study, we
consider these three ways as fundamental.
2. To discern the levels of any two variants byrmeansof trans-
formations is to examine their relationships in terms of interdependence
of locations and dimensions.
3. Thusthe impact of the transformations of one variant
impinging on another should not be interpreted in terms of their inter-
dependence of shape . For examplethere are two variants Va is a ne-
gative space representing,say,street;Vb is a positive space representing,
say, a building. When Vb changes to Vb' in terms of change of shape, con-
sequently,the shape of Va also been changed. We shall clearly demons-
trate that this kind of changes are not the transformations described above.
EV/ ^IVAZ
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4. The changes of relations between two variants due to
transformations should not be interpreted in terms of their functional
interdependence,either. For example,consider a channel through which
two nodes are connected. Suppose we take this link away,it won't affect
the "circulation" between the two nodes if it is not the only link be-
tween the two. Concievably,there are a number of ways can lead one node
to the other,just a matter of convenience.
5. The relational changes resulting from transformation
should not be interpreted in terms oftime. Seashore could became ur-
ban land;river could change its route;cities destroyed will be rebuilt;
whole universe will die and be reborn. If we consider time factor,then
everything will be at same level,because nothing can resist to be un-
changed,no matter whether it is structure or not.
After applying these transformation principals ,our first
task as to identify structural elements at city level is achieved. Re-
sults are simple: .artery and local rail transit are the only struc-
tural elements we have at city level. It is true,at least,in our five
cases. The whole process is illustrated by the diagram shown on next
page. For each city under observation ,the results will give in
the Appendix.
11
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Notes to Chapter II
1. W.Churchman,"The System Approach",A Delta Book,N.Y.1968.
p.36.
2. N.J.Habraken,"General Principles About The Way Built Environ-
ments Exist",Open House,SAR,Eindhoven,1979.p.29,p.32.
3. Ibid.p.19.
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CHAPTER III OBSERVATION TWO:SPECIFYING THE RELATIONS
3.1. Introduction
Obviously, after defining the elements, the ensuing task is to
specify the relations. But the question then becomes what are the re-
lations and between what elements? Is it between structural elements
or infill elements? This is not a trivial question, but an important
one. If we hit the wrong target, the results would be useless. The
relations we intend to investigate are the relations among structural
elements and the infill elements.
Let's start from the beginning. Structure is something which
organizes parts into a systematic whole. In other words, the way we
look at structure is the way we examine how parts of a system are or-
ganized. Therefore, how could one talk about structure by ignoring
its parts? On the other hand, for a given system, the relations
between any pair of its parts cannot be fully decided,unless we know
the structure of the system. Again,how could one talk about the re-
lations between the parts of a system by ignoring the structure. The
very reason we discriminate structural elements and non-structural
elements is merely because we want to know about their mutual relations.
This is what the systems approach is all about.
Why is this simple question so confusing? It is probably due
to the fact that the "structure" in our context implicitly refers to phy-
sical entities,not purely intangible laws,and thus are quite easy to
be treated as"element"rather than"structure". For a given system,if
some of its physical elements possess certain properties that they
can combine other elements of the system into an organized whole,
then,we say these elements have "structural" properties. The physical
27
elements possess of structural properties are called the physical
structure,and they are at higher level than the orther elements of
the system. All physical entities have their morphological relations,
i.e. positions and dimensions. Physical structure,as an physical en-
tities,therefore has its own family of relations:one structural ele-
ment in relation to the other structural elements. However,(now we
come to the point)these relations cannot be fully determined by
their own "physical properties" alone They are by large de-
termined by their "structural properties" which relate to the pro-
perties of non-structural elements of the system. For example,consi-
der a support.The structural elements are walls,columns and floors. By
their physical properties,walls should be erected between floors,
columns are located somewhere between the walls,their connections
are determined by the materials used,t But the relations of our con-
cerns are "where" these structural elements should be placed in terms
of positions and dimensions. It will become totally arbitrary, if we
know nothing about their relationships to infills, e.g. general pur-
pose space, special purpose space. These relationships are the struc-
tural properties that we are talking about.
In our case,we know that artery and railroad are two
structural elements we have. Since they are linear entities,junc-
tions and distances are two basic relations between them. The junc-
tions can be determined by their physical properties:it could
only be underpass, overpass or right cross. However, the "dis-
tances" between them,which are our major concerns,can never be de-
termined by their physical properties alone They call for structu-
ral properties which coherently relate to the characters of the in-
fill elements:the urban tissues.
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At beginning of this second task, we began on a wrong track
due to the fallacy of the "physical property". We envisaged a sort
of "abstrct web" interwoven in such a way that if we put it on any
given city context, it will transform it according to some mechanisms
into the "real" pattern of the given city. After several trials, it
became evident that there are no such "webs", no matter how abstract.
There is simply no general overall city networks. Secondly, if there
are any rules that we can find which govern the transformation of the
"web" in response to given situation, they probably will be something
like the rules governing the locational relations of the pieces on
the chess board. Anyone who knows the rules of the game can "see"
order out of chaos. Such a rule cannot be built into any geometric
web which is defined simply by the properties of the lines. It was
recognized that the real relations which interested us are the posi-
tional relations between structural elements and infill elements in
such a way that the location of the structural elements can be "struc-
turally" rather than "physically" determined.
3.2. The relations at the macro level: a first observation
From foregoing discussions,we noticed that the relations in
question are rules governing the positions between structural elements
and infill elements. By rule, it is understood to mean that a recur-
rent pattern manifests itself in the real world and can be verified by
observation. What recurs over and over again will not be any pre-
cisely defined geometries,but a set of positional phenomena which
can be conceptualized. We took our first look by attempting to find some of
these rules at city-wide level.They could be regarded as macro-rules,
and are shown in following pages.
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1. FOCAL POINT
Central business district is charac-
terized by closely packed buildings
and heavy traffic. The distances
between the arteries become shorter
in the center of the city than in
the outskirts. It is interesting
to see where these arteries loin
together. We found that this join-
ing point is usually located at the
fringe. It can be a rotary or a
split-level junction.
2, CENTRAL RING
This is a likely consequence of the
first rule. When there are more than
one focal point at the fringe
of the central city,we may expect
the emergence of a ring road to con-
nect these focal points,and make
most radial arteries tangent to
this central ring.
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3. INDUSTRIAL BELT 1
4. INDUSTRIAL FIELD
one of the basic forms of urban indus-
trial areas is linear. These areas
are like D narrow strips along the
both sides of the railroads. At the
edges of the strips,we can find a
street clearly seperating industrial
areas and the adjacent urban tissues.
Sometimes,industrial areas will ex-
tend over this street and stop before
reaching another parallel street. The
belt is cut into several segments by
perpendicular streets. Some of these
streets will connect to an artery -
or freeway which runs roughly para-
llel to the railroad at a dis-
tances,and also intersects with the
railroad at some places.
Another form of urban industrial
areas is concentric. This form usu-
ally can be found at the fringe of
the city where railroad intersects
with the outer ring road,thus it can
take advantages of two transporta-
tions means. The area itself also
has a ring road to collect local ac-
cesses and connects to the city ring
road. Tree-like small branches of the
railroad can be found within the area
which is spatious as compared to the
compact industrial strips. The boun-
daries are defined by its ring road
and green buffers.
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5, WATERFRONT An artery along the river provides
access to the water 2; an artery at
a right angle to the river tends
to cross this natural barrier.
Both can be observed in the aerial
photos. A green belt, varying in
widths, lies between the parallel
greew taan : artery and water's edge. In case
that the railroads also run along
the river and intersects with the
artery, an industrial strip can
be found between the two.
6. CENTER OF INDUSTRIAL CITY
If there is a compact industrial
area located next to a
river,we may find an intensive busi-
ness area nearby and is seperated by
an arterial. The artery may be pa-
rallel or perpendicular to the river
depending on the positional relation
--right to left,or front to rear--
between the industrial area and bu-
....-. siness district. We can also find an
open common somewhere near the busi-
- - :::ness district. This is a typical
form of old small industrial cities.
%Ai e 5
djstec
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7, TRANSPORTATION CORRIDOR
A freeway is a transportation corridor
between cities. It usually emerges at
the fringe of the urban areas. It
may provide a direct access to the
center of the city. The corridor has
various widths of right-of-way. When
it passes through high density urban
area,it looks just like a "river"
that we can find bridges crossing
over it and parallel roads along its
edges. Along low density developments,
many large buildings and building
clusters can be found at the inter-
changes.
Usually,at the fringe of the city,we
can find a large open area used as
park or cemetery. An artery will
emerge at the margin of this area
acting as a space delimiter. The area
also physically defined by the adje-
cent built areas,usually,they are
residential and/or industrial tissues.
8. OPEN SPACE
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9. NODAL ACTIVITIES
In residential areas,when two main
streets across, there are likely
.. te.'. . to have some concentrated commercial
and public services grouped around
the junction to make a cruci-
form. If there are more than two
: :: :::. streets intersected at the same
level,we can find a larger node in
a star shape.
.....-. - -. -- . - .-...... - -.-.-.-.-..
10, SHOPPING STRIP
Along the interval of two activity
nodes,some scattered commercial
services can be found. Eventually,
as the results of the linear exten-
sions of two nodal activities,these
scattered shops will be connected
into a continuing shopping strip
-otes
We also found there is one shopping
strip stemed from the C.B.D. along
a major artery and is ongoing
S..growing.
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3.3. The relations at the "medium" level: a second observation
Now,let's take a closer look. Basically,there are four types
of linear elements which possess structural properties at the city level:
water,railroad,freeway and artery . Among them,water(river,brook
and ponds),main railroad and freeway are considered as given condi-
tions. They interweave into a complicate web that divides whole ur-
ban area into a number of small "mosaics" which we call "urban sec-
tors". Each urban sector has its own characters in terms of its strc-
tural elements , infills and their relations. From this viewpoint,
it is interesting ot see how many different urban sectors we have.
To do this,we give each different sectors a different "name". All
names are given by a coding system developed on the basis of the four
linear elements and their possible combinations.
We use four upper case letters A.F.R.W. representing the
four structural elements:arterial,freeway,railroad and waters,res-
pectively. Each sector is considered as a rectangular form,3 hence
has four sides. These four sides could be built up by same one ele-
ment or by two,three or four different elements. We use power nota-
tion to express the number of the element that any given sector con-
ist of,e.g. A means the four sides of a given urban sector is made
up just by arterial; A R means two sides are arteries and the other
two are railroads. More specifically,for any sector having two sides
made up by same element,there are two variations:one is that this two
sides connect at one point,the other didn't. To the former case,we
denote "a",and place it at the end of the name,to the last case,we
use "b". A daigrammatic example for each case is given below.
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Now,we have a list of urban sectors(Fig.3.l.) which are logi-
4
cally possible, but do not necessarily exist in the world . Those can be
found in our five cases are marked by cirdlesand their examples are
given in Appendix III.
Fig.3.l.
R 3
W A2F2 A2F /a
AR 2 2
77!f AA 
F /b
AR AR/
AW
RF
RW
2
F RW
36
3.4- The relations at the micro level: a third observation
By foregoing classification,the pattern of a city can be
described in terms of urban sectors,each sector has a name given by
our coding system. Since the real urban mosaics are irregular poly-
gons,these urban sectors only exist in our conceptions. This concern
entails an attempt to investigate tha microform of each sector. The
idea is this: urban sectors are made up by different linear struc-
tural elements and infilled by urban tissues. We may look at it from
another perspective :each urban sector encompasses four sub-sectors,
and each sub-sector is an abstract configuration built up out of two
connected edges and a part of infill spaces. Diagrammatically:
If there exist some recurrent patterns of these sub-sectors,than
we will have a rule system more general and profound in describing
urban morphologies than 53 urban sectors can do. Moreoverthere is
no need to transform real urban polygon into rectangular urban sec-
tor which might cause some troubles. Along this reasoning line,we
can delve more deeply. By same token,this sub-sector can be,again,
decomposed into two linear relations between structural edges and
its infill spaces. If recurrent patterns exist at this fundamental
level,we may have a basic rule system which are regarded irreduci-
ble as far as this thesis concerns.Diagrammatically,the approach
is shown as below:
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Fig. 3.2.
Now, we have four basic linear elements: A. F. R. W, and four
basic type of infills: residential(res.), industrial(ind.), commercial
(com.), and open space(opn.). Logically, we have 16 categories of ba-
sic rules, see Figure 3.3. For each category, there is a different num-
ber of rules. They all exist in world, yet, some of them do not make
much sense to this study. Combinatorial results of these basic rules
can generate enormous amount of urban polygons. Therefore, this basic
rule system is much more comprehensive than the system of urban sectors
and sub-sectors in terms of its descriptive generality.
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Fig. 3.3.
From five cases of city under study, we found several basic rules
which appear in the following pages. They do not exhaust all of 16 cate-
gories. We believe more rules will be found if we extend our observations
on the cases. The rule presented here only describes the possible mar-
ginal conditions in which structural elements and infill elements meet.
So far, we know little about physical contents of each type of the tissues,
except for residential tissue. If we work along these lines more and
refined rules can be formulated or reformulated. To test these rules,
we may examine any given urban polygon to see if these rules hold or
not. A few examples of test are given at the end of this chapter.
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There is a group of commercial
buildings lined up immediately
along the artery it separates
residential areas from the artery.
The boarder line between the resi-
dential area and this commercial
strip is fuzzy if the local acce-
sses are primarily perpendicular
to the %artery . The commercial
activities are formed on the basis
of corner stores where local acce-
sses intersected with the arterial.
This is another type of commercial
margin which lies between residential
area and the artery. The local
accesses are basically parallel to
the main artery. The first
parallel street usually acts as
the boundary defining this commer-
cial strip. Along the local colle-
ctor road,some corner shops can be
found, this is what the previous
rule says.
No commercial activities are along
the artery, the margin is a row
of dwellings which always faces
the artery regardless of the local
street pattern.
I
(A-ind.) 1
7-
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(A-ind.) 2
(A-ind.) 3
A commercial strip along the ar-
tery separates industrial areas
from the artery. Usually, the
first street parallel to the
artery defines the margin be-
tween the commercial area and
industrial area. However, this
parallel street does not always
exist, nor is it a clear-cut
boundary.
The margin between the arterial
and the industrial area is defined
by a residential zone which occu-
pies half width to one and a
half block. The dwellings do
not always line up in a parallel
row,some corner shops can be found.
There are some buffers which lie
between industrial buildings and
the artery. In other cases, we
found that there is no buffers, the
area is accessible from the artery.
The buildings immediately adjacent
to the artery are lowrises. There
are always open spaces which buffer
the artery and highrise buildings.
A large complex of commercial
buildings is separated by a linear
open buffer from the main artery.
A parallel road defines the boun-
dary of this buffer which is used as
green spaces or parking lots.
In some other cases, a cluster of
dwellings lie between the artery and a
large open space. A secondary road
stemmed from the artery provides
access to the open space. Some re-
lated facilities can be found nearby.
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(A-con.) 1
(A-com, )2
(A-opn.) 1
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(F-res.)l
The margin between the freeway and
residential areas is clearly defin-
ed by green buffers and a parallel
road.
There is no parallel road in the
margin,only green buffers lie be-
tween the freeway and the residen-
tial areas.
A commercial area located near the
freeway can be found at the inter-
change. Obviously, green spaces
can also be found in between. In
some cases, a parallel road is a
backbone to which all stores are
linked up.
(F-res.) 2
(F-com.) 1
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The margin between the freeway and
the industrial area, which is usual-
ly located near the interchange, is
a strip of green area varying in
width, The margin is usually defin-
ed by a parallel road and the buil-
dings along the road. However, this
parallel road does not always exist.
Here is an industrial belt along
the railroad, with green buffers
always in between. We may expect
that a collector road connects this
area to the freeway.
An open space by the freeway could
be a park,cemetery or sports field,
Green buffers can be found along
the boundary. In some cases,the
area is outlined by a parallel road,
with some related facilities loca-
ted by the road.
(F-ind.) 1
(F-ind.) 2
(F-opn.) 1
(R-res,) 1
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There have always been buffers in
between the railroad and the residentialr
areas, although, the buffers are not
always wide enough to prevent
dwellings from the nuisances of the
railroad. Quite often, a parallel
road can be found in the margin spaces.
An industrial belt seperates re-
sidential areas and the railroad.
A parallel road can be found either
at the center of the belt, or
at the boarder of the belt,by
which two different tissues are
differentiated.
When railroad emerges at the frin-
ge of the business district,some
industrial buildings can be found
in the margin which is usually de
fined by a parallel road.
(R-res.) 2
(R-com.)l
Lr _ ElE
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(R-ind.) 1
(R- -d.. 2
.
(R-opn.) 1
-t. -o.
The factories and warehouses are
located immediately by the rail-
road,no buffer lie in between.
Vacant land sometimes can be found
along the line.
The branch of the railroad is sepa-
rated d from the main track by
open spaces,and a row of industrial
buildings are lined up along
both sides. In an industrial park,
there are many such rail branches.
This is an industrial belt running
through an open area . Usually, we
can find a parallel road at cer-
tain distances from the railroad.
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(W-res.) 1
Residential dwellings are not im-
mediately adjecent to the water,
There are usually some buffers
in between. They can be green
spaces, local access or something- Q0 00D
else. Recreational facilities Dan
can be found by the water.
(W-res.)2
Not only green spaces,but also a
rows of buildings along s parallel
road separate the residential areas -
from the water. These buildings
are coammercial stores or indus-
trial factories.
EUDU
(W-opn.)l
The open space by the water could
be used as a park,cemetery,play-
ground or sports field. Usually,a
parallel road can be found near
the water,and some related facili-
ties are located by this road.
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(W-ind.) 1
This is a harbor. Industrial area
is immediately buit along the water,
no buffers lie in between. Canal and
railroads are characteristic
features of the area.
The industrial area is seperated by (W-ind.)2
green buffers and/or a parallel
road-from the water. But,the paral-
lel road does not always act as
the boundary of the industrial area,
there are a number of other buildings
located beyond this boundary.
(W-ind.)3
Here is an industrial belt extend-
ed along the water' s edge . There are
always green buffers in between.
The width of the buffers vary greatly.
change within quite large ranges.
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This is a case in Lawrence city. The
boundaries are defined by railroad
- --- Land an artery , the given infills
are residential tissues. We found
that their marginal conditions can
be described by rule (R-res.)l,
(R-res.)2 and (A-res.)l.
This case is in Springfield city,
Old Hill. A railroad and an artery
partially define a residential area.
The rules involved are (R-res.)l,
(R-res.)2,(A-res.)l and (A-res.)2.
This is an example in East Cambridge,
l ba mixed industrial and residential
area. We found that the margins
result from the interactions of
Rule (R-res.)2,(R-ind.)l and Rule
(A-ind.)l.
This is a case in Lynn. Again,it
is a mixed industrial and residen-
tial area partially defined by
a railroad and its branch . The
rules are (R-res.)2 and (R-ind.)l.
Here is an urban space near to
the junctions of two freeways.
Its physical characteristics
can be described in terms of
Rule (F-res.)l and (F-ind.)l.
Our last example is a residential
area in Lynn city. An artery
and a railroad are on the boarder
of the area. We found two rules
at work, that is, Rule (R-res.)l
and (A-res.)3.
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Notes to Chapter III
1. A pattern called "industrial ribbon" proposed by c.Alexander
is very close to our observations. See "A Pattern Language",
Oxford University Press, N.Y. 1977,Pattern 42. The pattern
suggests that the edges of the ribbon should be treated as
a place for neighboring residents to get benefits from the
offshoots of the industrial activity,hence,the trunck road
should be placed at the center of the ribbon so that the tra-
traffic would not destroy these offshoot activities. However,
from our observation,we found that it is unrealistic to put
the artery ,together with the railroadat the center of the
ribbon. First, the railroad is a barrier which seperates the
ribbon into two strips,If we add another barrier--the artery
to the ribbon,it would slice this narrow area into more strips,
Then, the problems it creates are more than it solves in terms
of the connections between each seperated strips. Secondly,
a ribbon of 200ft to 500ft wide,as the pattern suggested,is
simply unable to properly accomodate both of these two transpor
tation means at the center, it is too narrow to function well.
2. Here,we do not agree with Alexander's pattern of "access to
water" (pattern 25) ,which says that the roads should lie at
right angles to the water,because a road along the river would
destroy the water's edge. Our objections are following:
(1) Theoretically,whether the water's edge will be destroyed
or not has nothing to do with the angles of the roads to
the water,but depends on how we treat the geological and
ecological conditions of the waterfront.
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(2) Suppose some interesting nodes are developed along the
water's edge due to these right angle roads,we believe
that,eventually,a parallel arterial would emerge to con-
nect these nodes.
This is a natural force of communication. We have never
seen a pure radial pattern of movement system in real
world,what exist is but a mixed ring/radial pattern.
(3) Accessibility should not be viewed in terms of "direct
access". Since waterfront is a linear element,not a con-
centric point,direct access can not satisfy the needs to
enjoy the waterfront as a linear whole,and it is really
unreasonable and troublesome to change from one point
to another if one would like to see them all.
(4) The most crucial point is this:if there is no such a move-
ment system that allow us to visulize the water as a whole,
it would not exist in our "mental map",and if it does not
exist at the first place,how could we expect to access to
it? Our proposition is this:without a parallel road along
the water's edge,the right angle roads can not make water
accessible,on the contrary, the water is unaccessible. A
study has found that "the imageability of any urban element
(node,distric,landmark and path) is a function of its ex-
posure to observers moving about the city." And "the degree
to which image elements are structured in a coherent whole
depends upon the degree to which paths visually connect
these elements,and the degree to which these paths are strc-
tured in an areal and/or seguential manner." See Mahmoud
Yousry Hassau,"The Movement System as an Organizer of Visual
Form",unpublished ph.D. thesis.M.I. T.1965.
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3. Of course,this is not empirically true,in effect,urban sector
is a polygon with different number of sides. However,all shapes
of the sectors we found are quite close to rectangular,if they
can be properly transformed. Thus,we deem it is a reasonable
assumption.
4
4. F means an area defined by freeway on its four sides.If we can
find such a area,its "infill" will be whole urban area,not just
an urban sector.
4.
R ,in an urban area,it is possibly a rail yard,or simply a va-
cant land.
4
W means an island.
may expect it to be
arterial connecting
It 3dosn't exist in urban area,otherwise,we
AW ,which means there exists,at least,one
to outside world.
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CHAPTER Iv A FORMAL DESCRIPTION BY GRAPHIC MODEL
4.1. Introduction
In this chapter we try to give a formal description about the
physical structures of the cities under study. What we attempt to model
is not the real "pictures" of the cities,but their "structural diagrams"
transformed from reality into artificial,simplified graphs at the expense
of losing precise dimensions,which we consider of any significant meaning
to our descriptions as far as this thesis concerns. First of all,we shall
give some background information about our approach.Then,the formal lan-
guage we adopted to describe the cities will be introduced,which is essen-
tially differnet from literal descriptions. After thatwe shall present
the model as a generating system to produce the urban structures on step-
by-step basis. Finallysome examples will be given as the interpretations
of the model.
Obviously,a "diagram" of the cities is complex. There are
many kind of lines,various shapes of configurations which interweave into
complicate webs and differ from one city to another. Nowour position
is an attempt to describe such a complex phenomena by a small number
of elements and rules. Let's consider the diagrams of the cities as "pic-
tures" or "patterns",then,our problems of descriptions will become some-
thing like,in very restricted sense,the problems of "pattern recognition"
or "scene analysis" primarily in the fields of computer science and elec-
trical engineering. Of course,many other diciplines,including physics,
psychology,biology and taxonomy also show their own interest in the same
problems. Generally speaking,there are two class of techniques developed
in solving pattern recognition problems. One is called decision-theoretic,
or discriminant approach,1 the other is called syntactic approach which
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draws an analogy between the hierarchical structure of patterns and the
syntax of language. The pattern is considered as being built up of
sub-patterns just as sentance is built up by the composition of words,
and the words in turn are built up of characters. The analogy is
attractive primarily due to the availability of mathematical linguistics
which facilitates as an analytical tool for "parsing"2
Syntactis approaches to pattern recognition have shown some intere-
sting characteristics:
a. There are enormous number of different patterns can be generated
by one rule system.
b. The rule system is not only able to generate something, but also
be able to "control" the things it generated. That is,the system
is a "transformation" closure. Any consequence resulting from
applying the rules will still within the realm of the system. No
external elements can be added onto it,and it guaranttes that no
"invalid" results will come out.
c. "Recursion" is the basic form of the rule. It is attractive be-
cause the number of the rules can be reduced into sufficiently
small.
All these characteristics are advantegious ideas to serve our pur-
pose of describing city "patterns". The technigue we employed to solve
the problems is a kind of graphic model developed by Gerzso. He is probab-
ly the first person who built a model as such that its structure embedded
by thses characters in the field of architecture~to descibe built form.
However,"built form" in architecture is not the same thing as the "pattern"
in pattern recognition,although their basic ideas seem stem from same
.r i. 3
origin.
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We still have no definitive grammar for English,do we have
definitive rules as a generating system for describing built form? It
In this study,it is hoped that we can show a way of finding such
rules about physical urban structure so that we might,hopefullybe able
to determine whether or not any given city is structurally correct. In
other wordswe may be able to produce a number of physical structure
whose validities are internally guaranteed without testing all their
possible forms by brutal forces that would otherwise do. To give some
sort of "insight" understanding about our built environment is the basic
reason why we are interested in this formal descriptions from "structu-
ralist" point of view. More pragmatically,a computational model with the
facilities of computer power may be expected to be developed and used
as design aid on the basis of that.
4.2. A Formal Notation
Before formulating the model of our concern, let us delve
into the theoretical ground of the model for a moment. We shall give
some rough explanation about few basic notions, and carefully define
certain terms of fundamental importance.
A notation that provides a structural description of a
built form under study in terms of a set of primitives and their
compositional rules will be defined as a formal language for des-
cribing built form. Let's take a closer look:
a. The word "built form" refers to the whole spectrum of
physical environment,from a chair to a city, basically
in two-dimensional interpretations,i.e. draw on a piece
of paper. It connotates not only tangible material
world but also inhabitable void. Therefore, material and
space are two basic components of our physical form.
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b. By "structural description" , we mean that the
object of the description is the "form" of built form,
not its "content". Secondly,as we have mentioned in the
last section,the whole idea of the description is based
on structuralist notion of "transformation" which says
any production should have such a characteristic that its
outcome are absolutely under "control" of the system.
In other words,any "error" or pathological case is pre-
cluded by the system,so that the "state" resulting from
one production canin turn,be transformed by applying
another production into another "state",and so on. This
is an ongoing system that at one time,it is generated
and also is generating,if we like,we may never "terminate"
it until the end of the world. As we shall see later,
this innate dynamic is largely due to the use of the
recursive nature as a generating power. It is also due to
this that makes the system capable of describing large
amount of built form in a very compact way.
c. The notion of "primitive" is invented for the sake of
analysis. It physically means a space considered irre-
ducible for the time being. It is not necessary that such
primitives should exist in reality. It couldof course,
have any form but usually will be regular shape. The pri-
mitives we used in this study are called "spatial primi-
tives" and the combination of the primitives is call
"spatial configuration".
d. The rule governing the compositions of the primitives
into configurations or another primitives is called "order".
An order can be depicted by a string of symbols or a set
of diagrams. In describing built form,diagrammatic order
is much general and powerful than string order.4 Every
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order of the graphic model should have four things,called
5
fourtuple. Its formal dress looks similar to a grammar . Let
us denote 0 as an ordertherefore:
0 = ( Kn, Kt, R, S
where
Kn is the set of nonterminal spatial primitives.
Kt is the set of terminal spatial primitives.
and
Kn(iKt= , KnU Kt = K
in which K is the entire set of spatial primitives.
R is a set of diagrammatic production rules basi-
cally in following form:
4 31 -
AI
where the arrow means "is replaced by",the verti-
cal bar means "or",and
A e Kn,
S is the starting symbol or a site.
Customarily,we use capital Latin-alphabet letters for non-ter-
minal spatial primitives,lower case letters are used for ter-
minal spatial primitivesand lower case Greek letters are meta
symbols. They denote the name of any spatial primitives or spatial
configurations. The dotted lines are meta diagrams representing
any spaces.
Nowwe can define built form (denoted B) as a set of spatial
primitives or configurations called variants (denoted V) which are gene-
rated by the order 0. More formally:
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B(O)= v IvCKt such that S=*v
That is,a variant is in B if
a. the variant consists solely of terminal spatial primitives.
b. the variant can be derived from S according to 0.
where, Kt* is the set of all possible terminal spatial primitives and
configurations including those do not make much sense in reality.
S v , means v can be derived from S through a finite chain
of derivations following order 0. Usually,the "o" under the mark
or == can be omitted if it is clear that order 0 is involved.
4.3. The Order
There are three major tasks for building a model as we spe-
cified in the last section. That is, first, we select the primitives,
formulate the order, and finally to test the validity of the order.
- The third task is actually involves "syntax analysis" or
"parsing"of the oder in a sense that for any given variant v B(0),
there always exist only one derivation according to the order. If
there have more than one derivationthe order is said to be ambiguous.
Because the aspect of parsing requires more work than is included in
this thesis. We have to ignore it for the time being, however, we
fully understand its critical importance to the validity of the order.
Therefore, the order we proposed here should only be appropriately
viewed as a way of showing how to model physical urban structures in
a formal language. It should not be misunderstood as being the final
conclusion on this subject.
As we have argued above, the built form primitives are
fundamentally different from those in pattern recognition; therefore,
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task of selection of primitives is different. For the later case, the
selection primarily is based on our understanding of the structure of
physical environment. Nevertheless, in both cases, there is one thing
in common, that is: there is no general method for partitioning a
pattern into'primitives. It depends upon the nature of the object under
study, the specific purposes in question, and the technology available
for implementing the system.
In our case, we choose the primitives by employing the fol-
lowing criteria:
a. The primitives should be easier to recognize than the
variants themselves.
b. The primitives should be related to other existing
approaches.
c. The primitives should be determined by the compositional
relations, e.g. the additive or divisionary relations.
After the primitives are selected from the variants under
study, the next step is to construct the order. However, this process
is not necessarily linear, but instead one which usually goes back and
forth. Again, there is no general inference process which would faci-
litate the construction of an order from a set of chosen primitives.
It largely depends on researchers' experiences and available priori
knowledge.
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still, there are some hints that might be helpful:
a. Keep in mind that the order should be a closurethat is,
any rule formulated should not generate a result which does
not belong to the system.
b. Make the order short. If the order becomes extensive,,or
then attempt another solution.
c. Consider the very nature of the system:recursiveness. It
is this that makes order short,and thus elegant.
d. Observe the rhythm of variants. Rhythm is a basic form of
recursions,which pervades everywhere in life and thus not
hard to find . We may take it as a starting point as
what Jean Piaget suggested:"Rhythm,regulation,operation--
these are the three basic mechanisms of self-regulation
and self-maintenance. One may,if one so desires,view them
as the'real' stages of a structure's 'construction'".6
The order uses the following notation.
Edges:
Meta symbol representing "any edges".
Space delimiter with certain attributes.
artery
freeway
...-. b- railroad
)- directed edge; it indicates the direction that
it is likely to continue. It also indicates that
the edge has two distinguishable points.
Nodes:
meta symbol representing "any nodes".
embedding point.
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There are some notes about spatial primitives:
1. Any spatial primitive should consist of two things:a. It
should have a name formed by upper or lower case letters. b. It
should have a list of labels representing the joining sides which
indicate how the primitive is to be embedded in its context. Any
joining side is made up of two end points and an edge which lies in
between. Every node of a primitive is not only an embedding point, (or
joining point which partitions the graph line into labeled joining
sides),but also posesses certain attributes which can be assigned to
the node according to the physical characteristics of the object under
study. It is the same as an edge which is not only a space delimiter,
but also can represent an artery, a railroad or a freeway. When
two sides are joined together,then,their end points are bounded into
a new pair. Any additional nodes sitting on this bounded joining sides
7
are called "floating points",a term borrowed from Cho . Any floating
point is also an embedding point; it has no restriction to be unbounded.
'-F(Mot.-k o4
2. Let's define the power of a primitive as the number of the
8
nodes that the primitive containse.g. a primitive e4 has n nodes,then,
its power is n, denoted P(O() = n.
K
The primitives we selected for this study can be defined as a set K in
which the power of any primitive is no less than 2 and no greater than 6.
That is K = 4 1 P(() =n,and 2 n 6}
K = KAUKt
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Inthis sense,we found that Kn and Kt are "graphically" identical in
terms of the power of the primitive,except they have different names.
3. The nodes and the edges which compose the primitives
can have specific attributes. We will now define some physical "con-
tents" of the primitives to be used here. We know that each edge in the
structural diagrams of the cities represents different means of trans-
portation, namely, A(artery), R(railroad), F(freeway) and W(water).
By interweaving these four linear elements, many "mosaics" can be
created. We call these mosaics urban sectors. The urban sector is a
conceptual picture transformed from the real urban mosaic into regular
form with nominal dimensions. It is characterized by its surrounding
margins which can be described in terms of basic rules as discussed in
the last chapter. Therefore, if we can describe each primitive by de-
fining edges, then, its physical characteristics can be defined. First,
let us define the power of an edge E as the number of the edge that an
urban sector contains, denoted E", then, we define an urban sector S
as fourtuple:
S ( A, R', F , W )
Since we know from note "2" that the power of any primitive defined
here should not less than 2 and no greater than 6,the same applies to edges.
Now,let's denote Kt' as the set of terminal spatial primitives for physi-
cal urban structure defined in terms of different number as well as dif-
ferent: type of the edges, that is;
Kt'= S ( AM' ,R"' ,F" ,W" ) 04 n, ,n2 ,n, ,n; ,6 and
2 < n, +n.. +n.3 +n,! 6 6
The following are some notes to the production rules. If we
take a close look at the structure of each rule,there are certain interes-
ting characteristics which can be illustrated as general statements.
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1. The replacement on the right-hand-side always contains the
number of nodes no less than the left-hand-side,that is
P (R. H.S.) ? P (L. H.S.)
2. If by applying a rule,the right-hand-side contains more nodes
than the left-hand-side,then the production is increasing9 . If the pro-
duction we applied is an increasing production,then,at least one floating
point will be created. Since our rule system is structured in this "in--
creasing" fashion, we see how to create something complex out of
something simple.
0(=> ) Ffoa', Po,,
3. Because there are two primitives connected by at least
a pair of joining sides, it is possible to have some floating points
generated by applying increasing productions. If floating 
points
generated for each primitive and if they are not sitting on 
the same
pair of joining sides, then they are independent of each other.
We should consider some final notes on the transformation
rules. In the course of derivations, we found there are four critical
problems that cannot be solved by a production rule system. Thus, trans-
formation rules are into being. The problems are: (1) Consider that
there are two floating points with directed edges sitting on a pair of
joining sides. By definition, the directed edges will be joined if it
is necessary. However, if it is to be joined at all, it cannot be done
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by a production rule. (2) Suppose we invent a rule to connect any two
directed edges, a new problem raises: what do we do if we do not want
the two directed edges to be joined? (3) There is the case that two
directed edges are to be connected temporarily, for we know that sooner
or later they must be connected. (4) In a case that there are many
directed edges coming together at the joining sides, our problem is to
find a way of "correctly" matching the joining sides without error.
To solve all of the above problems, we developed Transforma-
tion Rule A.
(1) In response to the first question, there is a rule which
says: whenever there are two directed edges coming in at two joining
sides, they should be connected immediately unless otherwise specified.
(2) The solution to the second problem is simple.If the two edges
are not directed edges--without arrow,then,by definition,they should not
be connected. Thus,the rule says:cancel one or both arrows of an edge.
(3) The third solution requires the arrow to be canceled only
temporarilyand replaced afterward. Thus, we introduce a label "h"
which is placed below the arrow. The label indicates that the arrow will
be canceled temporarily. It means "hold on for a second". Therefore,
because of its being temporary, we need another rule to erase this label
so that the edge's attribute can be replaced.
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(A) The last problem can also be solved by the third solution,
If we only connect one pair of directed edges at one timethenthere
will be no mistakes. To do this,we can assign the little label "h" to
the edges except one pair that is to be connected. At same time when
this first pair is connected, we can replace the next pair of edges
that are to be joined.
Concerning the sequence of applications, there are some cri-
tical restrictions on the Transformation Rule A. That is, whenever we
use these rules, we should first apply rule 1 to indicate that the edge
is going to be joined. After that, we should check with rule 2 to de-
termine whether the edge should be connected immediately or "hold on
for a second". If it is going to be connected, then, we may apply rule
3. Without these restrictions, there is only confusion and no solutions.
There are other problems with production rules. The graphs
that are used in the model are made up of edges and nodes. As we have
mentioned before, they posses certain physical attributes. If we expect
our order to take these attributes into account so that our results will
be consistant with the observations of the cities, then, we might need
more rules than what we have now. A straightforeward approach would be
defining each rule by all the possible combinitions of three different
edges, i.e. artery, railroad and freeway. However, it would be readily
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evident that the rule system would become hopelessly complicated be-
cause the number of rules will increase rapidly. Therefore, we intro-
duce Transformation Rule B. Again, their applications are also res-
tricted. Whenever any of these rules is used, it should follow the
operational constraints below:
(1) They are applicable only at the last stage of the derivation
after the production rules and Transformation Rule A.
(2) As a starting point of the Transformation Rule B, they should
be applied only to one of the arbitrarily-chosen-last-stage
primitives. They can start from any joining sides of that primitive.
(3) Once the rules are applied to the starting primitive,the next
applicable area will be its immediate surrounding primitives,
and so on until the derivation is finished. .
If we also consider the attributes of the nodes,i.e.overpassun-
derpass and rightcross,we may develop another set of tansformation rules,
say, Rule C, which can be developed in the same fashion as Rule A or B.
However, in this study, Rule C is not included.
4.4. An Example
In the following pages appears an example of applying this model to des-
cribe the urban structure of Cambridge city. The "structural diagram" is
first generated by simplifying city's real picture into more regular and,
hence, easily recognizable pattern. It is our "base map". Then, we start
our work ignoring the descriptions of natural form,like river.
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Notes to Chapter IV
1. Discriminant approach is useful in analyzing simple pictures
by first reducing the picture into a "feature set" and then
assigning each features into one of a finite number of classes.
It failshowever, to analyzes complex patterns in which the num-
ber of features required is often very large,thus makes syntac-
tic approach very attractive. The division of the two approach-
es is not clear-cut,but just convenient for the sake of theore-
tical study. As matter of fact,it is not always easysometimes
even guite difficult to distinguish one from another just like
any classification.Mixed approach usually has been adopted.See
K.S.Fu (1974). The discriminant approach may be adapted as an
analytical tool in "observing" built form as we might envisage.
2. The process of parsing a sentance using a grammar, i.e. syntax
analysis, is to test whether the rules formulated are ambiguous
or not.
3. Built form is not, and should not be viewed as, merely an assemblage
of lines and points in various compositions as in pattern recogni-
tion. For example, it does not matter if the patter is represented
as "labeled branch-oriented graph" or "labeled node-oriented
graph"; its primitives are branched and/or nodes:
Freeman's octal primitives used to describe boundaries
and skeletons are 8 directed branches varying in slope.
Fu,1974,pp.52-53 ) 0
In PDL(Picture Description Language),the primitives are
usually represented by a tail and a head.
zA
In web grammarthe typical graph of two-terminal series-
parallel networks(TTSPN) is this. The primitives are ob-
viously branches and nodes.
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Of course, any graph is made up by lines and points. 
But in
choosing'the primitives of built form, we should take into
account their architectural implications so that the 
rules
which hold among them provide the "clues" to understanding of
physical structure. If it were not the case, then, existing
models in the field of pattern recognition would be "good"
enough to describe any built form by interpreting 
it as a
"photo", a "picture" or a "pattern" which is made 
up of lines
and points.
4.
As Gerzso has pointed out, string orders have several drawbacks.
First, we have to simultaneously manipulate string notations and
the diagrammatic representations of the spaces under study. It
is a complicated process. Secondly, it can only apply to res-
tricted type of built form, like industrialized building systems.
See Gerzso, (1978) pp.1 1 6 . Theses type of restrictions also exist
in the field of pattern recognition. A model developed by Cho
(1973), called Context-Free Picture Grammar, is more general, but
not more powerful than three prominent models, i.e. PDL, Plex
grammar and Web grammar.
5. A grammar (G) is a fourtuplei.e.(VnVt,P,S),in which Vn and
Vt are nonterminal and terminal variables respectively.S is the
starting symbol ahd SeVn. P is a finite set of rewriting rules
or productions. According to the forms of the productions,
Chomsky divided grammars into four types:
1. Type 0 (unrestricted)grammars.There is no restriction on the
productionsand thus is too general to be useful.Any string
can be placed on either sides of the arrow.
2. Type 1 (context-sensitive)grammar.The form of production is
means A can be replaced by /9 in the context , a
where A 6 V", % Z, # c V and t-p9
It also implies that IAI:ls9
where jx( is the length of the stringor the number of symbols
in string X.
3. Type 2 (context-free)granmar.The form of the productions is-.
where AC- V and P6:V ,means/3is any variable or combination
of variables other than empty variablef .Because such a form
allow the variable A to be replaced by 1 independent of the
context in which the A appears.
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4. Type 3(finite-state or regular)grammar.The form is this:
A-* aB or A-+ b
where A,B Vn and a,b,. Vt,and they all are single symbols.
Then,the language generated by G is L(G):
L(Gj = xIx-Vt such that S 4 x)
where Vt is the set of all finite-lenght strings of terminal
viriables including the empty variable 9 ,x&Vt.
6. "Regulation" is not entirly reversible so that it should exclude
errors before they are made. It's closure depends upon feedback
mechanism,i.e.the interactions of information and control. How-
ever,"operation" is a perfect regulationevery rules of the
system is reversible,thus no errors will be made,e.g. the mathe-
matical or logical systems. See Jean Piaget(1971),pp.13-16.
7. See Cho.(1973),pp.2 5-2 6 .
8, Cho calls the number of the node as the order of the primitive.
See Cho. (1973), p.2 3 .
9, Ibid.p.26.
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CHAPTER V CONCLUSIONS:
TOWARD BUILDING MODELS OF URBAN STRUCTURE
5,1. Introduction
As mentioned in the beginning, the primary objective of this
thesis is to identify a rule system of the urban environment. Based
on this preliminary work, futher efforts toward building a formal model
can be done. The rule system presented in this thesis is merely a re-
flection of physical reality with no external value judgments imposed
on it. Nevertheless, each rule of the rule system has its own intrinsic
value which deserve further exploration. How to treat these rules de-
pends on the kind of model we attempt to build. One might argue that
if we try to develop different models, we should adopt different ap-
proaches with different emphasis. This argument is methodologically
reasonable, but not always true. The reason is simple: experience has
shown that research results can be extensively applied to many fields
which may be irrelevant to the initial purpose of the research. On
the other hand, this study has already previewed the possible trends.
Starting from our present position, there are two directions we may
work on: one is to build a design model and the other is a rigorous
predictive model.
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5.2 A design model
To build a design model of urban structure is, in effect,
to develop a method which can be used as a tool for designing our urban
environment. A model should be formulated in such a way so that its
objective can be evaluated by using measures of performance:
1. The model should be able to work with other well-deve-
loped SAR models at lower levels. Since this study is
carried out along the lines of SAR method, thus, the
uses of the results of this study can be advantageous
only if it is methodologically consistant.
2. The model should be able to function as a generating
system. That is, it should provide a designer with a
number of generated variants of urban structure. This
is a basic characteristic of the SAR methods.
3. The model should be able to function as a communication
tool. That is, it should be formulated in such a way
that any design proposal generated can be discussed on
a common basis as an agreement making process. Design
decisions is a central idea of SAR method. Any agreement
to be effectively achieved, it largely depends on that
participants' interests can be communicated at the first
place. The impediments of communication should be re-
moved by such a device so that people of different
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background can express their concerns about the envi-
ronment.
4. The model should include inherent techniques which eva-
luate design solutions. Inasmuch as there are a number
of generated solutions instead of one specific solutions,
thus, the assessments of all solutions are theoretically
as well as technically different from those of conven-
tional design evaluation.
Two additional meta-criteria are needed for the model buil-
ding. The first is that the model as design method should be formulated
so explicitly that the users can follow it on step-by-step basis. The
second is efficiency. It is obvious that any good design method should
be simple and efficient besides being powerful.
The basic rules that were found in this study are "facts"
rather than "norms". They are free from value judgments. However, it
is inevitable to make value judgment if these rules are to be used as
design tools. Thus, to assess the rules that we presented in this the-
sis will be a step toward building a design model. We cannot assess
the rules unless we know their morphological implications in terms of
"capacities". The "capacities" of the physical structure can be
meaningfully assessed only if we understand the properties of its infill
elements very well. Therefore, some efforts made to investigate dif-
ferent types of urban tissue are necessary.
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5.3. A predictive model
To build a rigorous model for predicting the transformation
of physical urban environment is in response to our ultimate goal of
relating physical form and social context on the one hand, and to test
the basic hypothesis we postulated for this thesis on the other. The
hypothesis cannot be seriously tested unless we can predict the exact
patterns of the cities by applying the same rule system in different
contexts. (Our hypothesis says that the differences among cities are
a result of the realization of same rule system in different contexts,
and not due to different rules.) Only till then, we may say this hypo-
thesis has been "corroborated"
The rule system we have now is, in strict sense, not a system
of rules, but a list of rules, because the relations between the rules
are unspecified. So far, we have 16 categories of rules, and each
category has different number of sub-rules. Are all these rules inde-
pendent to each other? Under what conditions that one rule should be
applied and the other should not? Whenever one rule is applied, does
there always exist a rule that should be applied simultaneously? Are
the conditions of applying one rule restrict to the other rules? Given
a design model, a rule is applied depending upon the participants of
the design process. However, for a predictive model, we are interested
in the conditions that the value judgement placed on the rule applied
rather than the rule itself. The laws governing the relations among
the rules is the structure of the rule system. The structure should
be able to organize the rules of the system in such a way that their
interactions are in response to the given context and will generate a
pattern exactly as the city being modelled.
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To build such a predictive model, we should first have an
explanatory model to explain why the rules look as they do and how
the cities are evolved into their present form. These "why" studies
and historical studies are left unexplored in this thesis. However,
they are necessary for building a predective model which is not merely
a simulation but also an insight into the relations between physical
form and social context. By an explanatory study, we might find cer-
tain social/physical rules which may be very helpful in building a
predictive model. Empirical studies usually provide the very resources
for the rational articulations of finding a predictive mechanism.
Physical entities themselves have no "will" to change or
not to be change. When we observe physical form changing, we notice
that the changes are primarily results of human actions. If people
do not make any decisions concerning the physical world, then, there
is no transformation but only a natural decay. This is why we deem
that spatial factors should be taken into account, and why they should
be a central part of predictive black box. However, we should point
out the need to clarify the possible misunderstanding about the pre-
dictive model proposed herein. There are social factors as well as
physical factors involved in the model. Suppose that these factors
are related in such a way (by our artificial manipulations) that the
results of their interactions can predict the changes of physical
environment with an acceptable precision. What happens inside our
black box does NOT imply that this is "really" the way that physical
environment evolves. Secondly, although the predictions are precise,
it does NOT mean that we have found a rigorous theory about social/
physical relations, the relations inside the black box are artificial,
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not "real", in empirical sense. it is not suprising that we may find
empirical evidence to invalidate the relations inside the black box.
In other words, what is "true" in empirical sense is not necessarily
"true" in simulated sense. To justify a predictive model is NOT with
the "true" relations, which can be tested by empirical observation,
but rely on whether the "results" of the predictions are accurate.
Nevertheless, we should also notice that the relations inside the black
box are not completely arbitrary, they usually base on some empirical
findings.2
The outcome of the model is a picture of the interactions of
all factors, both spatial and aspatial. We are unable to say which
part of the outcome is due to what factors' behavior, since they are
an organized whole. And, the outcomes might not be physical "form",
but rather certain measurable physical characteristics 3, e.g. densities,
zoning. This research strategy is of course premature and simply
cannot prescribe the likely end-products before they have been tried.
However, the way of developing a model itself is also interesting work.
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Notes to Chapter V
1. We didn't use the word "verified" or "proved" primarily
because of Popper's notion of "corroboration". ~See "The
Logic of Scientific Discovery", Chapter X:"Corroboration,
or How A Theory Stands Up To Tests", p. 251.
2. To develop a model as such, extensive studies in both
disciplines are required. We may use the outcome of many
empirical research as the resource for structuring a
predictive model.
3. A rigorous model is not difficult to find. Such models
are usually in the realm of sociology or economics, they
rarely deal with the prediction of physical form. It is
probably due to the problems of measurment: on the one
hand, physical form is not easy quantify, and on the other
hand, there is a lack of adequate unquantified data.
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APPENDIX I SOME METHODOLOGICAL CONSIDERATIONS
1. Introduction
In any area of inquiry, there are no general methods, but instead
some different world-views. A research phrase "systems approach",
which is often being heard outside the intellectural circles, is a point
of view adopted in this investigation. This chapter is provided not as
a technical account of urban morphorlogy study, but rather as a metho-
dological understanding of the way we perceive our physical environment
and the direction we are taking toward our ultimate objectives. These
preliminary considerations are a necessary prelude because
we acknowlege a basic premise of scientific inquiry that the metho-
dology is an inseperable part of the theory. Methodology should be
treated as a conceptual framework on which the activities of theory
construction are based. It includes all processes: selection,observation,
interpretation and abstraction by which a theory is developed. Any
research, if it is in any sense to be "scientific", is "falliable",
and thus, as Popper proclaimed, is open to criticism. However, we are
in no position to evaluate any abstract construction unless we can
retrace the processes through which the investigator moves from his
observations in reality to his building a conceptual architecture that
accomodates what he has observed. Without this methodological clarifi-
cation, our interpretation of any abstract structure has to base on
common sense, or even worse, on our professional bias, which has recently
been the concern of social science studies. 1
Therefore, this Appendix is included to clarify some basic con-
cepts that are used in this thesis. Since this is a so-called system
approach, we shall first present a general discussion of its basic ideas.
Then, some remarks on SAR's notion of level will be given. Finally, two
types of analysis included in this thesis will be compared in terms of
their different, yet complementary orientations.
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2. System and Variants
"The true method follows the nature of things to be investigated
and not our prejudices and preconceptions."
Edmund Husserl, the founder of modern phenomenology, has criticiaed
that traditional social science are fundamentally misleading by adopting
methods from natural science in studying human phenomena. Kis work Ms
have entailed a radical reorientation of sociology.2 Systems approach,
however, should not be viewed by any means as a particular "scientific"
method. It is no more than a particular way of perceiving the world,
and has nothing to do with the matter of "scientific" which is basically
a logical problem about "statement" we made.
Systems approach is a way of looking at things in terms of system
which can be defined as a kit of parts together with the relations hold-
ing among them. Anything under the sun can be a system if and only if
we would like to view it in that way. However, it does not help if I if
we cannot properly identify its elements and specify their relations
with reference to our purposes. Thus, in strict sense, a system exists
only if it satisfies two requirments: first, it is decomposable, and
second, the relations holding among the decomposed kit of parts can be
recomposed into meaningful results.
We noticed that the central philosophy of the systems approach is to
perceive the world by decomposing it into parts and then recomposing
them together according to the rules we articulated in those parts.
This "back and forth" process raises the questions as why do we have
to decompose first and then recompose again? Admittedly, this process
would kill the richness of the original state of the object. It is also
because of this purposeful ignorance that makes systems approach attrac-
tive: we can diresctly probe into the hard core of that we are so much
concerned by ignoring all other irrelevant information.
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Decomposition and recomposition are conceived as two sequential
processesyet,in effect, they are operationally inseperable. The rea-
son is this: the way we decompose the system largely depends
on the. kind of relations we expect to examine after the system has
been decomposed. That is, before taking any actions we have
some kind of idea about the likely results to be obtained.
We implicitly envisage the possible situations of recompo-
sition in the course of decomposition. On the other hand, the way we
recompose the parts into whole by specifying the relations among them
is constrainted by the attributes of the parts we decomposed.
Hence we deem that the way of systemazation is a dialectical process
of decomposition and recomposition.
The object is decomposable if and only if there exist a means of
decomposition. As matter of fact, for any given object, there always
exists many, or almost infinite, ways of decomposition. It can be decom-
posed one way or another, materially or conceptually, depending upon
the goal of recomposition, the nature of the object and the dominant
factors--the objectives of the study.
The task of recomposition is to specify the relations among the
parts, by which the object can be reunioned. Generally speaking, the
relations exist between any pair of elements of a given system can be
difined as the constraints imposed by one on another in terms of each
one's particular attributes which are concerned with, they could be
spatial, temporal, causal or the other aspects. One of the most restric-
ted constraints we probably could have would be complete interdependence.
That is, once the attritutes of one element is specified, the other's
can be completely determined, and vice versa. For example, an access and a
row house are completely interdependent . Once the houses are located,
the access is determined as well. On the other hand, if the route of
the access is drawn, then, the houses will surely stand by its side.
The loosest constraint is no constraint at all, the two parts are inde-
pendent. The relations of our concerns in this study are locational cons-
traints rather than others.
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Recomposition is not merely the reversed process of decomposition
by summing up the kit of parts into its original state. It is a kind
of rearrangement characterized by the notion of "structure". Structure
is not an aggregate . The total family of the relations illustrated
by the possible combinations of different number of parts do not auto-
matically generate the structure,at best, it only provides a clue to
find the structure. Structure is a sort of law governing the elementary
relations in such a way that their interactions will present "holistic
properties". They can be measured in terms of the overall behavior of
the system. This holistic property can be depicted as follows: all
elements in the system are organized in a complex way such that any
individual action on the system will cause changes in the system that can't
be intuitively predicted. That is, we cannot hope to understand the
overalli impact caused by the stimulus of a part by merely examing that
parts without taking the rest into account.
It is this holistic property that makes the overall behavior of
the system distinct from the behavior of its element. And, it is this
distinction implies the existance of structure. It is the structure by
which piecemeal parts cohere into a whole. Our subject matter is "urban
structure" which only refers to the physical elements possessing "struc-
tural" characteristics. We should make clear that structure is not
physical entity, but abstract rules. Not every system has a structure.
Some systems have much simpler structure than others, and some systems
are so complicated that impedes the identification of the structure. The
systems we concerned with are somehow lie in between.
To find the structure is to find the rules governing the inter-
actions of the parts. By rule, it is out of random, freedom, and thus
allows us to escape from dealing with an ennormous possible combination
of elementary relations as we mentioned before. But it is by no means
implies that structure can be easily found. The structural law is implicit,
intangible and intriguing. We should first identify "right" elements,
and then, choose "right" indicators to measure the overall behaviors
of the system that is the result of the interactions (which are
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invisible) among elements . Moreover, we should
manipulate the relations between the elements in such a way that the
overall behavior can be predicted in terms of measurement. Until then,
we may say that we find the structure.4
Of course, our studies have not yet progressed thus far. One
characteristic of the system is that the elements of the system may be
replaced or the element's own structure may changed, without affecting
the structure of the system as long as the rules hold. If one element
is replaced or changed, the whole system no longer remains invariant,
We then say this element possess structural property, and can be called
"structural element".
Every system is limited system, no matter how extensive it may
be. Hence it has boundary. The boundary cannot be rigorously decided,5
but it is not arbitrary either. The line of boundary is drawn on the
basis of the interest of the study, the nature of the object under
study and investigator's capabilities of control. The larger the system,
possibly more complex and difficult.
The world outside the boundary is called context. Context is the
environment in which the system embedded, we can call it environment of
the system also. (Churchman, 1968) Context is a set of conditions that
are relevant to but outside of the system. By "outside", it means that
the system can do very little about its behavior; by "relevant", it
means that environment also determines in determining different levels.6
This notion of context is very useful in our analysis as we shall see
later. To sum up, system approach is not the only way of looking at
things, nor it is always the best way. However, it is fair to say, to
quote Churchman, "it is not a bad idea either".8
System is an abstraction; it does not exist in real world, but in
our mind. The only way by which we can "see" the system is to examine
it's variants in reality. A variant can be viewed as a specific state of
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a system manifested in the real world. A state means some conceivable or
measurable characteristics exhibited by a system under certain circum-
stances at a given time. A state of a system can be described in many
ways,depending upon our purpose. To describe a state,we need some vari-
ables. Temperature, pressure and volume are usually the viriables used
in chemical systems. To describe a moving object, velocity, mass and
spatial position usually are the variables. For a built environment,
the dimensions, positions and functions of materials and spaces are
chosen. All these variables we choose to describe the states of a sys-
tem is called state variables. A system whose elements are materials
and/or spaces, and the state variables are primarily dimensions and po-
sition is called "morphological system". The state of a system is speci-
fied if the values of all state variables of a system are known.
The distinctions between system and variant are merely the diffe-
rences between abstraction and reality. Although there are many variants
belonging to the same system,it does not imply they are the constituent parts
of the system. Variants are not the elements of the systembut a same
system with different state values. The elements of a variant could be
the subset of the total elements of the system; its relations could also
be the subset of the total relations that the system has had. Neverthe-
less,a variant and its system should be structurally identical. There-
fore,variant is not a subsystem of the systembut just possibly smaller
or larger in scope.
For every variant, its states could change from one to another.
Such changes of states are called transformation. Transformation can be
viewed as a dynamic behavior exibited in a system. Changes usually, if
not always, occur at non-structural parts of the system, the structural
parts however, are much more constant. And, this is an improtant clue
that can be used to distinguish structural elements from those of non-
structural for a given system.
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3. Aspects of Levels
Two examinations about the notion of levels of SAR are carried out
in this section. On the basis of these examinations, five general state-
ments are derived. They are the central parts of the methodology for
this study.
First, we shall examine how environment as a physical continuum
is differentiated into vertical orders called levels. We will realize
that it is because we have a series of abstract levels used as means of
differentiation in the first place. After the physical environments
have been differentiated, then, we look at these abstract levels in
terms of their relations to the real environment they divide. We will
notice that each of these abstract levels is a conceptual model acts as
a "sturctural" member for its lower level variants, and as an "infill"
member with respcet to the higher level variants.
The first look
Level is a means by which a field of relations can be separate
into vertical orders. There is no definite way of deciding levels,
different means we employed will generate different levels for same
object. Any field of relations could have as many levels as we want.
Usually, levels are determined in terms of memberships among relations,
whose indicators could by phusical scales, say, size of territory, num-
ber of population; or conceptual scales, say, administrative authorities
or functional divisions. Theoretically, levels can be arbitrarily decided
by any means, nevertheless, as a notion used in our daily life, levels
are somehow conventionally fixed in reference to the ongoing used orders.
According to SAR dicipline, the levels of the physical environment
are not arbitrarily determined at all, they are built up against a
series of conceptual models developed on the basis of SAR methods.
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Consider a neighborhood. There is a network of streets, every
five or ten streets, there is a larger street. A row of houses lined up
on the both sides of the streets. A court or an alley is formed by the
houses in each block which is defined by streets. Parking spaces can be
found in the courts or surround blocks. If the collection of dwellings
defines a neighborhood, how these two levels--dwelling and neighborhood
-are differentiated? We deemed that there must be something in between,
that it structured several dwellings together as an unity which can be
placed into the fabric of the streets. This medium "level", in SAR's
cases, is called "support". By this "abstract" level, the environment
under consideration is thus seperated into two levels, neighborhood and
dwelling. That is, an environment as a physical continuum can not be
differentiated unless we have proper "means" to differentiate them. We
should have a series of abstract levels in mind in the first place,
the vertical orders in real environment would otherwise be irrecognizable.
6(4W~t,.c:t ee. (level)
-J~*~ture let t e
The means employed by SAR people are conceptual models. Room
and unit spaces are separated by "furniture"; dwelling and rooms are
divided by "infill"; neighborhood and dwellings are apart by introducing
"support"; city and neighborhood at different levels are due to the
presence of the "tissue". From the diagram above, we notice that for
every conceptual model, there are two environments at opposite side of
any given abstract level. In response to that, let's give our first
statement as this: any physical environment under considerations can be
seperated into two adjecent levels, if we have proper conceptual model
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facilitated as a means of seperation,
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The second look
Since levels are an artificial order imposed on the things to be
differentiated, we may "assign" a level to any part of our physical
environment, if we have the proper means. From the level diagram in last
discussion, we also find that for any environment at given level, there
are two corresponding conceptual models on its opposite side. It doesn't
mean the two models are divided into two abstract levels by the environ-
ment we observed differently, it says that the physical environment
under consideration can be interpreted, from a particular angle, as an
ensemble of two counterparts: one functions as an "outline" called
"framework" or "physical structure", the other part plays a role as its
"content" called "infill". These two general terms will be used in sub-
sequent discussions, yet there are two notes are needed:
a. Sometimes, we simply use "structure" to represent "physical
structure" if it clearly refers to physical things. We should
also notice that infill,as a general term,should not be con-
fused with the "infill" which specifically refers to the counter-
part of the "support".
b. Structure, in conceptual sense, can be interpreted as a set of
constraints resulting from an agreement making process by
different interests powers within the system, some degree of
freedom that the infills call for willthus be limited so that
the communal benifits can be preserved. In contrast to this
"necessary evil", the agreement also acts as a "necessary
good", without it, each individual objectives would otherwise
be incomplete. In our context, structure could be viewed as a
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platform on which a variety of performances could take
place. However,it should not be regarded as a rigid
framework in which a number of "good-fit" units can be
plugged. The structure and the infills tend to achieve a
dynamic balance rather than to become a static fit.
We have a physical spectrum ordered in terms of SAR models
as we examined previously. Now,let's take a second look at this spec-
trum. At its ground levelthe structure of a room is "infill" in which
different arrangement of furniture is allowed. A "support" is the struc-
ture of dwellings,it is structured in such a way that various number
of rooms can be filled in. Support also acts as an infill element to-
gether with the tissue structure can generate a neighborhood. Suppose
we have an "urban structure" in which a number of neighborhoods built
up by different tissues can fill,we possibly can shape various cities
physically. The next level higher than cities probably is unknown yet,
it could be a metropolitan area,a large region or megalopolis,in which
cities but one of its infill elements.
7':Tsuce rw
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From this perspective,we noticed that every infill has
its own embedding structure which can be described as a conceptual
model,and this embedding structure has its own infills which,again,
has an embedding structure,and so on. Then,we have a series of em-
bedding structures at different levels,that's the models we have now.
Henceour second statement will be this:the physical structure at
one level also acts as infill elements with respect to its upper level
environment. It is this dual construction of the model that makes the
physical environment as continum spectrum without gaps.
The final look
Having these concepts in mind,let's go back and take the
last look. Any part of total environment we viewed can be separated
into two levels by means of one conceptual model(this is our first
statement), and this model can be viewed as the structure for the lower
level, at the same time, it is also the infill element of the upper level
environment it has separated (this is our second statement). However,
any environment under observation does not necessarily have just two
levels,it could have several levels if several models are applicable.
If there are something in the environment can not be described by the
model applied,they are taken as given. That is,they are the context
of the system. Now,we may give our third statement as this:what is
given at an upper level will also be given at all its lower levels,
but not otherwise. For example,if there are something,say railroad,
cannot be described by our tissue model at neighborhood level,they
are considered as given. It is obvious that railroad cannot be delt
with by support model at dwelling level,thus,it is taking for granted
as given.
our forth statement is similar: the physical
structure at a level will be considered as given at all lower
levels.but not otherwise. The reason is simple,e.g. streets are the
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structural elements at tissue level,but, looking at support, we see
that streets become the context at that level. They are relevant to
the support because they are constriants on y and 6 zones.
To sum up,we give the fifth statement:at any level,if we
know its physical structure,its infill elements and the context in
which the environment embedded in as well,then,we are able to generate
a number of meaningful variants at that level.
4. Two Types of Analyses
In this last section, we'll delve into the philosophical
basis of the analyses in this thesis. It is not methodologically
necessary, yet, it can be fruitful if we can make it explicit.
As we have shown, this study of urban structure encompasses
two types of analyses. The first is a kind of empirical study, the
second is rational analysis. We consider them as complementary rather
9
than conflicting , although they appear so.
Empirical study provides sound basis on which many rational
works rely. It is characterized by using,usually,common language;di-
rectly observing reality and recording data. It is open in scope and
thus often obtains a lot of results. The analytic faculty employed
to tackle the complexity is a sort of "atomistic association". That
is,it start from inducing some simple and basic rules,then,using them
to explain complicate phenomena in terms of possible combinations of
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those elementary rules. From this perspective,the wholeness of a com-
plex system can be viewed not as an "accumulatable" aggregate,but as an
"atomized" totality. That is, the sense of totality of a system is built
up by a series of "packages". Each package possesses of different num-
ber of elementary rules. The differences between one package and ano-
ther are because they have different number of elements--the basic
rules,and thus different relations--the permutational operations among
those basic rules. All these packages together constitute the whole
10
of the system. The underlying assumption is the world is atomizable.
Empirical study usually aims at describing the "state" of the system
rather than the "process" that shows how the system works.(See H.
Simon's notion of state descriptions and the process descriptions1 1 J
It is interesting in "content" rather than "form", therefore, its
reports are imformative,explicit and understadable. But,the dynamic
character of the system are left intactand can only be infered im-
plicitly from the descriptions.
Rational study,on the other hand , is usually characterized by
using formal languageand seldom directly touches upon real world.
The information needed for analysis depends mainly on empirical
results. It's conceptual structure is a closed system in which the
relations manipulated are intrincically fixed,and thus the outcomes
are quite restricted and predictable. In the course of analysis, it is
always preoccupied by the concept of wholeness which is conceived
first before starting any detailed studies. It aims at modeling the
overall behavior of the system which is deemed as the deter-
minant of the relations among elementary rules. The organizational
power as such is so tight that is considered impossible to be atomized.
Quite contradictory to empirical works, it usually describes "form" ra-
ther than "content". Thus, it is more general but not easy to commu-
nicate without first understanding its notational system. The major
task concerns the "how" rather than "what". The "process" is explicit,
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but its "meaning" not always defined.
We know very well that without empirical study,no rational
analysis is ever possible. On the other handrational study can pro-
vide a special insight that the empirical study is incapable of pro-
viding. As Simon has pointed out:
"Problem solving requires continual translation
between the state and process description of the
same complex reality... We pose a problem by giv-
ing the state description of the solution. The
task is to discover a sequence of processes that 12
will produce the goal state from an initial state"
In this thesis,however,the problems posed by our empirical
studies are not solved, or even tackled by our rational approach.
The formal descriptions we presented here should not be misunderstood
as existing physically in the cities. The continuing efforts are needed
toward building a model of urban structure on the basis of our empiri-
cal analysis. These differ from the graph modeling techniques. But,
on the other hand, graphic model presented in this thesis illustrates
a mode of rational analysis which is required for identifying general
rules of urban structure.
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We think that both of these two approaches are necessary
for studying physical urban structure. The comparison emphasizes
their differences rather than their similarities. The purpose is
to understand the limitations and capabilities of the two approaches
so that we can treat them properly.
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Notes to Appendix I
1. As one sociologist pointed out:"Defining methodology in this
way makes a consideration of it essential in relation to any
so-called theoretical statement by sociologist,whether the
statement claims to relate directly to a set of research ob-
servations or not. In fact,the less the statement relates ex-
plicitly to research observations the more crucial do the a-
bove methodological considerations become for our interpre-
tation of the theoretical construction;if the theory dose not
relate to clearly defined sets of empirical observations and
the theorizer dose not describe his processes of theory gene-
ration,our interpretation of his theoretical abstraction be-
comes entirely problematic." See Michael Phillipson,"Theory,
Methodology and Conceptualization" in "New Directions in So-
ciological Theory",Collier-Macmillan,London,1 9
7 2
,pp.7 9 -80.
2. A primary feature of the new alternative is phenomenological
account of methodology in social study with particular inter-
ests in the availability of social meaning which is likely to
be perverted by employing the paradigm of natural science.
" The paradigm employed by the natural sciences is singularly
appropriste to the character of a world which is unpossessed
of an intrinsic relevance structure and upon which,therefore,
meaning may be conferred by the deductive analytical precedures
of the community of scientists itself. To apply this paradigm
to the entirely different social world which is constituted by
an intrinsic relevance structure necessarily mistakes both the
character of that world and the character of the scientific
paradigm itself. The aim of sociological phenomenology is,
therefore,to suggest an alternative way of doing sociaology
to that of positivism and,moreover,an alternative which loca-
tes its foundations in the character of the social world."
See David Walsh,"Sociology and the Social World",Ibid.,p.35.
3. Dr. Weaver in his essay on"Science and Complexity" published
thirty years ago has pointed out there are three stages in
scientific development:l.to deal with simplistic problem
which characterized by two-variables.2.To deal with problems of
disorganized complexity which,lie on the other extreme,are
the problems with two billion variables,and theoretically can
be solved by means of statistical techniques,such as thermody-
namics,communication theory and information theory.3.To deal
with problems of organized complexity which,lie on the middle
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range of the two extremes,involve a sizable number of interre-
lated variables to organize an organic whole. Dr.Weaver remark-
ed that organized complexity is the hard core of the problems
which life science are interested,and the methodologies employed
in their researches may hopefully facilitate behavioral and so-
cial scientists' works. See American Scientist,36:536,1958.
4, This is operational definition,or process description of struc-
ture. It heavily draws on Jean Piaget's notion of structure. In
his words:" We may say that a structure is a system of transfor-
mation.Inasmuch as it is a system and not a mere collection of
elements and their properties,these transformation involve laws:
the structure is preserved or enriched by the interplay of its
transformation laws,which never yield results external to it.
In short,the notion of structure is comprised of three key ideas:
the idea of wholeness the idea of transformation and the idea
of self-reculation" p.5. (emphasis are mine).
In which,wholeness means:"the laws governing a structure's com-
position are not reducible to cumulative one-by-one association
of its elements:they confer on the whole as such overall proper-
ties distinct from the properties of its elements"p.7.
About transformation,he said:" If the character of structured
wholes depends on their laws of compositions,these laws must of
their very nature be structuring:it is the constant duality,or
bipolarity,of always being simultaneously structuring and struc
tured that accounts for the success of the notion of law or rule
employed by structuralists... .a structure's laws of composition
are defined "implicitly",i.e.,as governing the transformations
of the system which they structure." p.10.
The notion of self-regulation means:"the transformations inhe-
rent in a structure never lead beyond the system but always en-
gender elements that belong to it and preserve it laws" p.14.
That is the structure is a close system by means of "feedback"
mechanisms. See Jean Piaget,"Structuralism",translated and edi-
ted by Chaninah Maschler,Harper & Row,N.Y. 1970.
David Birch's model is a good example of this structuralist
approach."The Community Analysis Model",Joint Center for Urban
Studies,M.I.T.-HarvardCambridge.1977
5. It is true that every system is always embedded in a larger system.
To decide the boundary of a system,it seems logic that we should
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know this larger system, But,the larger system in which the sys-
tem under observations embedded can't be described unless we are
able to envisage an even larger model to describe the behavior
of the larger system. Worce still,to build this even larger sys-
tem,we need even even larger model,and so on. An argument pro-
ceeds like this will acrually lead to a skeptical questions as
"We don't really know anything before we know everything,but we
cannot hope to everything unless we possibly know something in
the first place." It seems that we are in a hopeless position
that we always know nothing. What can we do about this? Popper
had very good argument on this epistemological problem. He called
skepticism and relativism "criterion philosophy"-- a philosophy
searching for criterion.It is because of the lack of criterion
that makes people feel they know nothing and they just couldn't
make any judgement about anything."It is decisive to realize that
knowing what truth means,or under what conditions a statement is
called true,is not the same as,and must be clearly distinguished
from,possessing a means of deciding--a criterion for deciding--
whether a given statement is true or false." He deemed that tru-
th-seeking is a epistemological problem,truth-finding is a metho-
dological problemand true is a logical or ontological question.
"...though we may seek the truth,and though we may even find
truth,we can never be quite certain that we have found it." See
K.R.Popper,"The Open Society and Its Enemies",Princeton U.Press,
1962. "Facts,Standardsand Truth:A Futher Criticism of Relati-
vism". pp.369-396.
6. An interesting question is raised concerning the position of ob-
server.It is accepted assumption that the scientist in the phy-
sical lab do not have to be regarded as a part of that which he
is being observed. Yet,in the realm of social research,should
observer be a Part-of the system under observinq?The researcher
of course tries to be a value-free person while he is doing
"objective" research,but we still have reasons to believe that
his personality and the question he posed will affect
people's responses,if they face to face,in very subtle and non-
trivial way. We thus consider the observer should belong to the
context of the system,i.e.,he is relevant to but outside of the
system he is observing.
7. It is obvious that there are many other way of thinking,if sys-
tem approach is one of the main traditions of Western thoughts,
in the East,"zen" is another essentially different way of percep-
tion. There is an interesting paper recently discussed this al-
ternative "zen" approach. See Nina Rosoff,"The Mystic and Reality:
Another Approach to Change",Working paper #872-76,Sloan School,
M.I.T. 1976.
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8. See C.West Churchman."System approach & its Enemies",U.C.Berkeley,
unpublished draft,1974. Also see "The System Approach",A Delta
Book,N.Y.1968.where he said:"No approach to system can stand by
itself. Its only method of standing is to face its most severe
opposition." p.226. "The system approach is not a bad idea",this
is his final remark of the book. p. 2 3 2 .
9. Churchman discerned the two types as competing thoughts rather
than complementary.Ibid. pp.212-213.
10. Alexander's pattern language might be regarded as an illustration
of this "atomistical" description of complexity. He fully under-
stood that the whole is not the sum of parts,there needs something-
else to cohere parts into totality. This "somethingelse" may be
called "structure" of the system.Without this structure,system
will collapes and parts still remain in pieces.His pattern ,as I
understood,is claimed as a physical/social whole,yet without gi-
ving an explicit analysis why it is to be so. Every pattern is
embedded in a set of larger patterns(context) and itself contains
another set of smaller patterns.The language as he used is a way
to organize patterns to generate an environment of social/physi-
cal whole. By drawing an analogy to the speaking languagehis lan-
guage simply says some words should be combined with some other
words so that they can make meaningful sentence. However,his lan-
guage dosn't even worry about "how" to put them together to avoid
making nonsense or "grammartically incorrect" sentences. As such,
his language is but a number of words-- the patterns which are
atomized "whole";no grammar,that is no"structure",only some sema-
tic restrictions-- which words should be put together so as to
make sense. In this sense,it is not realy a languagebut a number
of well-written paragraphs.
11. "State description" and "process description" are two modes of
analyzing complex system compared by Herbert.A.Simon. He sugges-
ted "process description"should take place od "state description"
so that the description of complex structure can be simplified
by ignoring enormously redundant statements. The differences be-
tween the two description are something like one is a picture and
the other is a recipes. See "The Architecture of Complexity" in
General System,Vol. X.,1965.pp.73-74.
12. Ibid. p.74.
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APPENDIX I I: AERIAL PHOTOS
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